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Abstract of JP 2001218112 (A) 

PROBLEM TO BE SOLVED: To provide a solid-state image pickup device that can pick up an 
object having a wide luminance range from a high luminance to a low luminance with high 
accuracy. SOLUTION: A photocurrent (electric signal) generated from a photodiode PD onto which 
a light is made incident changes a gate voltage of a MOS transistor(TR) T2, a current in response 
to the gate voltage flows to a capacitor C via the TR T2 to change a voltage at a connection node 
(a). In this case, when the MOS TR T1 is operated in a sub-threshold region whose value is less 
than a threshold, the voltage at the connection node (a) natural- logarithmically changes with the 
photocurrent. Furthermore, turning off the MOS TR T1 linearly changes the voltage at the 
connection node (a) with respect to the photocurrent. 
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h^y^'x^Q i ©v-xcfgi^ftSBrMJlvPS' v-^i±Hi*fl#tS6 (C(Offi^^B6ttia 1 ©6- 

fc, MOS YyyVWt aOKWVCgiSnSl 1, 6-2, • ■ •, 6-mtcMjSf5) ^ir^^tlT 

SStWEVPD' fcOBUftttVPD' >VPS' T^D, it%« V^ G ^, MO S F^y^X^T 1 ~T 5f4, N^+* 
EVPS' «fiJx«'^yF«J± (Jg«) T*$5 0 C©[H 50 ;F©MOS Yyyy^Zy^yZV-Yftm&ZtVC^ 



[0 0 3 2] 



02 (a) ©@£§tt7-X7*n7§MM£fc&o 
TV5o COi^, MOS hvy^'X^T afrSififMfcB 
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[0 0 3 9]X\ 7tV^4t-VPD<D7y-¥iat 
it^EVPStfffliin£ftS.i:5KftoTV>5c M 
0 S F^^X^T 1 ©FWi'Kttitffi^ffVPDtffi] 

0 S YyyVXZl 2<DV-XtttMHcEiRtKEVPS 

/-K*afct5 0 M0Sb7>WT2Ch'H'> 
t«BrMffiVPDA^PinSti5o X, M0Sh7^ 

^T^y-HcSH^VftUJ^tlSo MO 10 

S F^Vv^T 3©7-XtKMEVRBOTft]2tl 
^oy-htl^if VRStf4x.5>ft5o M 
0 S F777X£T 5©Kb-i'McE)5ft«JEVD^epilQ 
2tlS 0 ^LT, MO S h7>->*X^T 1 ©7-Xk7 

* F £V T~ F P D ©* V - H fc OffiHy —Kb fcgfl 
SfEiB9 (C©£W!RjB9«iai09-K 9-2, ■ • 

9-mfcftlSTS) fcOlfflfc, MyfSVitmif 

So 

[0 0 4 0] LOiillEfe^T, {g^§0 VPG©*E 20 
©*^JDSl*TM0S F777X£T 1 ^ON/OFF 
■rSilfcKJ:?), #-©WS(cfc^TH}7jfI*ti5t6£* 

CT!ii*TS«Wf (WT, rTttttfftj fcvs. ) 

#*IS&t1&®t%Z.tftH%Z B 1x7, dtl£,©& 

[0 0 4 1] MO S F7>7*X#T 1WXI/7 
7 3 ;F MBWTfftftS £3 0 VPG©«E£ff5 

1«E, MOS F777*X*T lfcOFFCTSfctf)© 30 
{i^0VPG©1tE%M21IEkTSo X, £®Jitif9K 

si^mo s vvyvwix imift*mrcisb<Dm 

0 V SS©HE£H 3 V|;: h. 'J -tr 7 F T § ISK M 0 S F 7 
77'X^T 2©^-F»E£3lt±tf'S/ca6©^0V 
SS©«E^4*EkTSo 

[0 0 4 2] (1) 7t«^g^«t^LTtH 

TjTS^o 

cvt%, im<t> vssoma, nsnEfcfs^nr 

V>5„ 40 
(1-a) jiftftft 

Sf\ II^0VPG^1«E^LT, M0Sh7»*X 

* T l £+>"7x 7 7 7 3 ;F Kg|«-e»ttS-ti:S k i: t 

X^7^SW£OF FScLT, jatS(EiB9*<MOS 
F 7 77X X T 1 ©7— X 1 7 ^ F £V F P D OA 

v- KfcoffiR/ - f b (cg^^nTi^^m^c-r 

So H<D£Z, 7* F£V:*-FPDK:)TO.£fTSk 
)t*?l3b^4L, MOS F777X#©-t-7XW73 

EtfMOS F777XXT 1 OV-XRtfMOS F77 50 
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7X£T2©7 1 -FCfi£-fSo ft, COfct, 7*F 
?4 *- F P D L /cft©ftS^M 0 S F777 
X^T 1 ©V-Xfc«Wa&tyfcik 8tV^A*f£ftS 
KifMO S F777X£T 1 ©7-X«E*Mg< 
[0 0 4 3] C0<fc5£LT^ffi£ttLTi$*frSKl 
KgfcLfcSffitfMO S F777*X£ T 2 Of- FES 
tlSi7 S-f, MO S Vyyi/TsZT 3 Of— Ft-'M' 
U^;I/0tt^0VRS*5*.TMOS h?>^*T3* 
ONtLTs * C &tf SH 7 - F a ©«E£ U 

-b7FTS D ClOfct, g|?/"-Fa©*E£MOS F 
yyi/Ztn 2iiffT^W7tMO S F777X£ 

t 2 ©y- F«Et J; D$S£ftsSffi*r yfvfr*. 
K)i&^nmc%%£5icvty fts 0 1^0 v 

RSfca-U^WcLTMOS F77-7X* T 3£0 F F 
fcLfeft* l^V^vfl^WcLTMOS h7^>* 
X#T4£ONETSo 

[0 0 4 4] jgfc7-FaO«E^M0S F777XX 
T 3{u<toT>J-fe«y h*ft5Ci:T?, M0SF777X 
£ T 2 fjftfcfrl/V M 0 S F 7 X T 2 ©f- F 

mmc^^m^nmmt°Tyy^}i^y7°)iL 

So ioT, M 0 S F 7 77'X X T 5 ©7 s — F HE#v\ 
L fefit tfcffO Lfdl k ft S fcft, MO 
S F7>^X^T4^0NtL/ci:t, tu!H7t«)^*g 
«B**WE£»Lfefii:&*W!lEtf, MOS h77~>7 
^T4, T5*3>LTW*«#«6iCflWJSn5. CO 
J: 7 E LTAIt/tlOWIMtMiJ Lfcl€ 
80 *K*ffl1"i:, MOS F77^X^T4^0F Ft 
•TSo 

[0 0 4 5] (1-b) !K©^77*$ffi 
#H«0Sfi0^77+^aitSt$©, §ft^©^ 
•Y5>^f-+-h*H4lc^-r. ±ia©^7ic, 
1# 0 VRS^M 0 S F 7 V >> - 7 * T 3 ©7 s - F K^z. & 
nTSII/ - F a ©HEtf U -b 7 F / ^;FXfa 

^0V^MOS h 7 7^7X^1 4©y-F(C#^5n 
Ts f±5*M^tc*ffi?tlSk, ST, X^7^SW£ 
ONtcLT, JM/ - F b (c SH^S 9«l?t5„ 
P^, ±j&L1t&oK., MOS F777X^T lA^Sm 

vam 9 ^A*^*^ns i 7 1 , fi^ 0 v ss*^ 3 «e 

K^SftT^So il©!^ M0SF777X^T1 
6^S»«EiE 9^^86*^5.1: 9 fc, 13 
HE tt S ^«E V PS £ D fgl^«E t T 5 d t ft V t S „ 
[0 0 4 6] t<D£t* £WlS9%, 7*F^t- 

nsfe», mo s F777x^t i ^nsttris, £ 
^ig9^ns®f L tBg^Li^©kT§dk^-et 

So ^t, dOktSit7-FbCSnS«EA\ £ 
«M9^tiS«r^cj;oTi*5E^tiSki:fet, # 
liltOMO S F777X^T 1 ©lfi0^77 + t)SC 
fcHEkftSo f LT, MOS F777'X^T3©y- 
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f i-u^T^m </> vrs£4^t, way - F a ©^E£ 

U-b7h1"§o ^©It. MO S F^^X^T 4(D¥- 
F KAlVXim $ V %4?tTM OS h7 Z/i/T. £ T 5 T 

[0 0 4 7] cott l^tB^ftfctttfjfB^is £M 
?M 9 £ <fc o TiSiKWC^ &n»^A*f Sftfctt 
fg(cfe^?,tB*fI^T\ &BIMi;iM©it^M 

o s f-^^x^t i \mn&rctb, 110^77+* 
ttmt> § t , wmu ywrnshmft*. a * 5 £ , 10 

y&Jfo^yfciBftU =&B«St, ^Pg©lii;B#© 
<: offiEr - * V">T«jEt a c fc C «k o 

[0 0 4 8] ±IEOJ;at, a«St, & 

MOSh^y^^SBffS^SCfcCfctjT, MOS 

F 7 >^X * T 1 ©y- F 1E% U -b 7 F L fe t Z ©If 
#*Ui*^»6fi:m*t«i:, coU-bvUlofif 20 

tt©lEr-^tLTfB'lLTfc<o ^LT, ^H!©Jf 

ffiEt na\ a* t# s 1110/^7 7 0 it < 

[0 0 4 9] (2) ftWfcBKJ&fifcffiftLTtHfc-r 

COfct, fl^(/)VPG^#(cB2«E(eLT, MOSF 
7>~7X^T lfcftKOF F<Dtf«SKf SCfcKJ;?), 
MOS F7>S>X*T2^ff^tIffl©F:7y^X^ 30 
LTflKfcjSfcfcSo X, fPt0VSS©«[±ti, UHlt 

[0 0 5 0] (2- a) SIMW 
ff\ X^7fSW40FFlCbt, £®J(Sg9tfM0 
S F y yi/7s # T 2 <Df— ht7th 94 F P D © 
* V - FfcOSSK/- F b CSSKSftTV^ttfifct 
So COfct, 7*F^*-FPDfcft«8ft!bW'i3 
LtlC^oT^ MOSF yyVTo # T 2 ©y— FUEft 5 

ft^MOS F^y^X^T2©y-Ft^^?,n, MOS 40 
F 7 >'7X# T 2 ©y— F IJEtf , ftm«E£*f L TSf^ 

FP D L fct ©^«^M 0 S Yyyi?X% T 2 

[0 0 5 1 ] i!©J;5tLT%«^tMLTS^«(c^ 
ItLfclE^M 0SF7 y'v'X^T 2 ©y- F KigftS 
fc, Sf> MOS F^y> ? 7#T3©y-F£/vi'l^ 
;F©lH^0VRS^#X.TMOS F7^>*X*T 3£0N 
JcLT, +-v;^>^CRtf^/-Fa©«E«U-b-y 50 
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FfSo COfct, S8t/-KaO«£E*M0S hyy 
s;X*T2 3SW^t«J:5fCMOS F^y> ? X^T2 
©y- h«ETi*g*nsSiiiJKTV^+;bJ; 0fiv« 
E£*§j;atU-tr7 Ff§ 0 #5f0VRS£a- 
U'WKLTMOS F yyVJs ^T3^0FFELft 
ft, {Pt0V£/vi'l^M:LTMOS F?^7X#T 
4*ON£1-So 

[0 0 5 2] agt/-Fa©tt±^MOS F^V^X^ 

t 3t<feoTU-b7 hsnsckT, MosF^y^x 

?T2 sWBlff *frV\ M 0 S F v ^ T 2 ©y- F 
SEtJ;r3TSt^n5Sffi3iiT>'>-v;V%U->7';I/L 

/cSe^m osF? y*j7>zi 5 ©y- f K^-^n 

§0 *t?T, MOS FvV^X^T 5©y-F«E^A 
im«*»^L«:filli:J:b0IJLrcffii:ft5fe«), MOS F 
7 > 5>X # T 4 % 0 N tc t fc t , WmMffi&WMtf} 
K.g&Ln:mt%ZWm\ MOS F7>S>X^T4, 
T 5^LT*^{8^IS6t3itti^nSo COi^KL 

t, MOS Fv>v'XyT4^0F Ftt^c 
[0 0 5 3] (2-b) U-feyFIMf 

y^^-F^0 5tC^t-o ±EO±5E^ ^^Xfg^<J) 
VRS^MO S F^y^X^ T 3©y-Ffc#*£>nT& 

A^MOS F7yi/X£T4©y-Hc4*.&nT, tfj^j 

l^mffi^nst, st\ x^-y^sw^oNtb 

T\ ffiRy-Fbt£W(ES9*SSK*#«. ^©^5 
icX-T'yf-SW^ONt^St, S«^M9 tX^Ty^ 
SW^LTMOS Fv>>>X^T 2©y-FtcS^0 
VSSA^X.?»nT, MOS F7>^X#T2©y-F« 
ffi^U-try F?n5o n^^ d©tt, IMLtckilc, 
M O S F y > v-X ? T 2 ©y- F«E^iffV^SJ±(C U -fe 

[0 0 5 4] 35?K, MOS FvV^X^T 3©y-FC 
/WXfl€*VRS*4*.T* SM/-Fa©«E^U-tr 
•yFL/ct^ MOS F v>^X^ T 4 ©y- F t^;FX 

H^a, MOS Fvyi>X^T2©y-FSE(cjSCfc 

[0055] coi^Wtsnfettoi^liE 
USt, ^©Wf©ttl*fi^^c©SET-^%ffl 

IS. S-f, li^*VSS<0«Efi*x ?fift, S3« 

E, ^4*E5-«Dglx., f lt> ^nfn©«ift 
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[0 0 5 6] H, #flM$i©B«T*ffli^cX^<yf-S 
Wfc, MOS b7>5>X**ffl^fcHj£*H6K:3*1-o 
BPS, X^y^SW©ftfflfc&§^6M0S F^yx 

^>AWli/-Fbfc, y-Xtf£®yi9£, 
ft, SM2ft, M0Sb7>^^T6Oy-hKfi<l 
0S^A*?n5o ^UT, S&filft*f?3l& MOS 10 
h7V^X*T6%0FFlc-r«±5K, *oy-Mc 

{W-fe7 MSfl^frdlS, M0Sh7>^^T6« 
0NC-fS£7iC *©y-h£/vi'U^;l/©1^0S 

[0 0 5 7 ] <!g 2 ©HffiM*>!g 2 ©HSMlCOt^ 

t, mmmLmmtZo mm. *mmmm 
ta-ea&s, H6t/WHistiT»©g«?{iffl2ft 

[ 0 0 5 8 ] H 7 \C m X 7 iC , *^fflJgHt?li, M o 
S h^y-^^T 2©FUl , >iC{l-*f 0VPD£-^*.3£1 
£ £ ± o T*+^»>^ C Slfgt;- F a tDtt&MB 
^■TS<fc5KU ftltiaTMOS bv>^X*T3 
*B»JllftLfe*jSfc4oT^3o ^ftofMfiif 1 <o£ 
ffigffi (06) fc|3I-T**3o ^ €^0VPD©/^b 
"WJHHT-fcJ:, ^^y^C^IT/Wmfrft, o-u 

£T2£lLTft*£ft, *Y^y*COSEE&tfM0 30 
S F^y^X^T 5©^'-M3:l&{f^f 0 VPD©n-y^ 
;l>mjE£S5 (U-b-yF) 0 *l«FSm MOSh 
yyi/X% T 3 «fi5ctfy >7°;Mc& 

[0 0 5 9] COfct, lllWlMfifcM:, MO 
S hyyi/Z.&T 1 £^7*X b 7 a ;1/ F^S&Tttft 3 
-&S/ci6©#5t0VPG©ltE£lgimE, M0Sh7> 
yX^T lfcOFFK-fSfcfcOil^VPGOWEE*® 
2lfffcfS 0 X\ £«^9icEp|jnt5fH^0 VSSiC 
O^TfJ, li^/^y+^tlttlfSISfCMOS h7>->* 40 
X^T 1 cm^«"r/ci6tDftf-0VSS©m)±^^3« 
EE, U-b-y FtSISCMO S Fy>yx£T 2©7-b 
«E*5l£±tfSfc»©<i#*VSS0«ff*£4*Ei: 

[0 0 6 0] (1) 3tWR*i«8*»WE^JiLTttl 

COfc*, {f^0VSS©«±B, 3l3*E£g££ftT 

ci-a) mmrt 

fP§0VPG£iIl*E£LT, M0Sh7>^?Tl 50 
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W7*XF 7 y a ;l/ FllTURt^ 1 1 £, MO 
S F7y> ? X^T6©y-F(C^x.5n5<l^(/) S^D 
-l^l/KU MOS h7>^X*T6*OFFOtOB 
C-TS. H©£t, 7*h^V^-FPDtc^AfttT 
Zt%Mffiff%£.U MOS h^>^X^©^7*Xb7 
is a ;!/ F#ttt J: D , ftSffifc S M»lBt L /cfl 
©IfftfMO S F^y^X^T 1 ©V-XfttfMOS F 
7>vX^T2©y-Mc|84t§o C(DtH, 7 
* Y $4 t- F P D L M 0 S h v 

yyx*T l ©y-X£$tftM?/ci6, 3Si«A»S 
nss^Mos F^yyx^T i©y-x«E*M£<& 

[0 0 6 1] C©.fc5fcLT^ffi£#LTg$*f8W 

t\Z>t, £f\ fi^0 VPD£n-y^;l/ (fl^0VPS£ 
Dfeffil^EE) £LT, ^Ai/^COtWMOSb 
7 y v-X £ T 2 £1 LTfl^f 0 VPD©ff ^HS&^SM^ 

OS F5yy*X£T2fiWW3<fc7£M0S h^y 
-yX £ T 2 © F *E £ «t 0 * ft £ Sffitf r y •> 
^I/ADfi^MEEEftSiacy-feyH-S. ft 
^(fVPD^vfU-W («J*tf, EtjWEEVPDtBS^t 

F^yyX^T 440NCf8. 
[0 0 6 2] L.<Dt$, gM/-Fa©*EE^€^0 V 
PDKioTU-b-y F^ftSdfP, MO S h^yyX^ 

T2*w^*fifv\ mos hy>yx^T2©y-M 
j: o r^/E^ft s $m$r y y * yyn l /c 

IEj^MOS F7>y*X^T5©y-F(c^5ft£c 
±oT, MO S FyyyX^T 5©^-FlE^Ait7t 

m*ttm&LfcmmLmt%zrzib, mos f 

5 y ^*X * T 4 0 N t L/c 1 1 , tuf27t«^% §M» 
S(WtCgSIU/cfIi:*§«^ MOS F~7>yX£ T 
4, T5^^bT[±J^fSmS6C«ffi^ft§o C©j:7 

H*m-rfc^ mos hy>yx^T4^0FF(c-rs 0 
[0 0 6 3] (i -b) !SS©Ayy+f£ta 
§g^©)Sjt©/^y7+^{Hf§iit©, ^fi^©^ 

-f5y^+-b*H8K^-r„ ±fa©i7ts ^/i/x 

VPD^MOS hy^yx^T 2©Fb^XC^X. 
?»ftTSlE/-Fa©*EA ,! U^7 h^ftfdS, /^bX 

fl^0V*^MO s hy>yx^T 4©y-FC4x.^ft 

b^;WcLT, MOS b7>^*T6*0N£tSC 
^aoT, SH/- F b *SfiE*€5 0 

±^Lfc«}:5E, MOS h^yy'X^T 
8ftS 9 -\A*^«ft§ J: 7 m 0 V SSA^ 3 IE 

[0 0 6 4] HtDfct, SlOllfflMlt^M^ 
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?M9«n?.m^CBg^Ll«^ MOS F5>v 

xxn^tiSo i^T, cofctsaz-Kbts 
nsmffi^ ail 9 ^n§«rjf L t £ ^ Tftssn 

Sttfcfc, £gfjS©M0 S F^V^XXT 1 ©1M© 
>W*£J6i:fcWEi:ft5o *LT, M0SF^>v 
XXT 2©FW^/U'X{g^t0VPD%4x.T, Sit 
y-FaO«J±^U-fe7 h-T^o M0Sh7> 
v?X 5 T 4 ©y- F t ^HMm $V^iTM0Sh 

[oo6 5] ctDtt, mfrmtimtimtt. mo 
s f^^x^t i<omw£icfo\:rzWtiizrztb. 

TtS„ ^LT, &©^&fW?T*3<fc5 
K, IP§0 Sftn-l/^l/KLTMOS F^y^XXT 
6^0FF(C-r§ 0 CCfcattttfibfeBfiO/^y* 
^ffi*ffoTt#Sft3{§^MET-XtLT^>X 

(D&tlimZ C OliEf- * fcffl V^TSuE* 5 u t E «fc 
[0 0 6 6] (2) 3tWK*fflgWtS»LTa*-rS 

cofct, fgi©l»l£imitc, M#*vpc*#t 

H2lEtLT, MOS F?>>>'X?T l£ttOF F 
ottHic-r « c £ 0, M 0 S F y yi/Z * T 2 tfft 

^VSSCtEft S4«EKS£«nT^Sc 
[0 0 6 7] (2-a) aMU&ft 

K LT, MOS h7>^X^T6%0FFO»Ct5 
CfcfcJ:*), £WHE«9tfM0S b^y> ? x^T2©y 
- F £ 7t F XV*- F P DO*V- F fc <0j&ffi/"- F 

^^-FPDE^«^m§iii:fCcI;oT, MOS F 

7»*X^T2(0f-HBl{kt§ o BPS, 7*F 
2©y-Ft^x.e»tl, MOS b^y^'X^T 2©y- 
«, Mil 7*FxV*-FPDT*%£Lfcft©ft 

mm^u o s f 7 y vt, * t 2 ©y- f tsMiatrfc 
ft, afci^fctfAStetissifMos h^y^'xXT2© 

[0 0 6 8] c0,fc5£LT)t»flt£ttLTf^W££ 
{tLfclEtfMO S F 7>i>'XXT 2©y-F«l3 
fc, £T\ MOS h^>^XXT 2©FW>icn-U 
"W©{p§0VPD£-£AT, MOS F^>>>XXT2£ 
^LTft^VPDCfMCftlrrSuilC^T, * + 
^>XCMg|t7-Fa©«E£'J-fe7 FT3 0 & 
ic, f^0 VPD^^l^FfcL/clI, ®^0V^W 
I^WCLTMOS h7y-yX^T4^0NtC«„ 



[0 0 6 9] *LT, gH/-Fa^'J-t7 h^nTM 
OS h7>v ! XXT2©y-F«J±tJ;»3)*/g^tl^g 
ffitfx>^;F=};5ffil^t%oT^5©-C\ MOS 
F v > i>'X X T 2 tff&ftfcfrV \ M 0 S F 7 > i>'X 5 T 
2 ©y- F «E C £ -d TW£ S tl S 3*+°T > -> -V 
yy-fll L fcWEtf M 0 S F 7 >>>'X X T 5 ©^- F C 
^■x.?>n§o cfc^T, MOS h^y^XXT 5©y-F 

MOS F^>^XXT4^0NtL/ctt, MEtM 

*T4. T 5^^LT*7JffmS6C»ffi^n§o <I© 

MOS F^>i/X?T 4^0 F Ftf So 
[0 0 7 0] (2-b) U-fe-yFIdft 

mm<Dvt»;hmftm5£%<D, &{8^§©x^y 

X>-v-h^H9t^-fo ±ia©j:5tc, ;^Xfi^0 
V PDtf M 0 S F 5 > v'X X T 2 © F W 5ftT 
SltX-Fa©'iE^'J-t7 F^tlfc^ ^;FXlI^0 
VtfMOS F7>v ? XXT4©y-F{C-^^.?)tlT, tH 

C Ltx MO S h^^^XXT 6^0N(Ct§o c©j; 
5CM0S F7V^^T6^0Ntft5fc, $ 1 ©* 
SSmitmit, M0SF7^XXT2©y-Ft^ 
4«EEtf5*5*-U MOS h^y^'XXT 2©y-M 
ffi^U-fe'V F«ti5 0 ^tT, LiDi^tMOS F^> 
i> 1 X5T2©y-ME^U-b7h$n§fc, fl^0S 
^D-b^;WcLT, MO S h^y^X^T 6^:0 F F 

[0 0 7 1 ] MOS h7^X?T2©FW> 

t;U-Xfi^§ 0 VPD^r%-x.T, jglcX - F a ©*E*U 
■b 7 F Lfcfg, M 0 S F 7 > i^X X T 4 ©^- F fC/^F 

xfi^0V*^^T(U^fs^^M^tti-ro c©tt, tti 

TJft^i, MOS F7>^XXT2©y-F«ECfSi; 
[0 0 7 2] C(D£oKWMitlEftrzt1z<DimmiE 

T-xtLT7^>^^u*H©^€UEeiL, m 
[0073] <%3<Dmmw>m?>(Dmmm.K^ 

SSHTfeSo ft, H6C^H«tl«©@WT{fffl? 

n5^?Rtf^jg*^f{±, ^-©rt^^^LT, ^© 

[0 0 7 4] H 1 0 E/TCr <k 5 E, % 
XT 2, T3^Pft^OMOSh7X^X^i:U 
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MO S byy~J7.^T 2©KW>tlti)MEVPStfftl 

taztiztt&ic, c©mos Vvyy^iz^v- 
xic-mmmznttv^z c ©tiSKitMiitEv 

PDA^Jn^nSo X, M0S hyyv ; X£T3©FU-f' 
yCE^mEVRBMO^tU f<0y-7tM0S h7 

yy'xy t 5 ©y- bmmzhZo fofteMto 

V^Ttt, H6©BX©«§f!MfiT&3 0 ffi, MOSh 

7 y y'x $ t 3 © v - x t ep in $ n s it?ft*E v rb t± , 

[0 0 7 5] cO^, SlOtKI^it, MO 10 

s h => yyx z t i isvi/a )i mw.r°wiftz 

^'X^Tl^OF F(C-f?>/c46©fi^0 VPG©HE^ 

2ti±t« 0 j£iffiiS9£ffliirfafH*§<i>vss{£: 

X^T 1 (cm^jtt/ci6©{f^0 VSS©*E^S3« 
E, U-fey SISKMO S YvyVWl znf-Y 
m.tt\*Bf S/cJ6©{l#<fr VSSOWEfcSS 4«Et 

[0 0 7 6] (1) ft«8S£g$*f&ttK£SjLTtH 20 

COt*, {8^§<f>VSS©fEtt, H3ttBi:iB&£ftT 
^5o ^LT, M^0VPG*Sl«E4:LT, MOSh 
7 y £ T 1 %+r7X U 7 y a ;V K«*"Pftff 
fcfcfefc, M0 S h7>5>X*T 6©^-hC4K.P,n 
5<i#*S%o-U^;WCU M0Sb7»"X^T6 
fcOFFOtfUEtS. 
[0 0 7 7] (1-a) S5fi<0^7y**ffl 

-l'5>^ + -h*Hl HC^fc ^;bXfl^0V^M 30 
O S Y^yHT,*! 40y-hK4*.5ftT, tts^fi^f 
*»tB$tiS^ Hl©f«!i (H6) fclHilc, 
$f\ S^Wfl^WcLT, MOSh7>yx 

*T6*0NC1-5CfcC,J:oT, SSRy-FbfcS* 
«E«9*SBR*H*5a ft, ±aLfc«fc3K:, MOShv 
yV7>* T 1 A^glfM 9 ^Wm^ftZ <t 5 
jt-Si^ VSStff!3SEEfc:^£trCV5o 
[0 0 7 8] COfcf, !gl©fl»Jt^ffC, £H 

m,9mmmmmmL^mm\ mos h?ys>' 

X£Tl£jSft§ 0 iotv cofcfrSSRy-KbfcS 40 
tiS«E^\ 9 JfediEtiSSSSK: T$££ ft 

Sttfet, ^H*©M0S h^y^X^T l©He© 
A^y+tfSC/clEt^So fit, MOSb7»* 
X2T3©y-HC^;l/Xf8*l0VRS£#*.T, 8$/ 
-KaOSE^'J-by ht5o M0Shy>y 
X?T 4©y-htA;I/Xf^0 V^TMO S Fv 

0 S h7>^'X^T 3©y-ht4^.S/^l/^^0 V 
RS«, D-b^©^;I/Xl^?fe« 0 
[0 0 7 9] £©£#, l!&Hi2ftfc!±i7JfP§ti, MO 50 
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s byyy'xtT i<Dm®.nEKfc\:tcmt%%rzib. 

So ^LT, Htlic, ^©gfiiMWx-SJ;? 

M^0S%D-b^;WcLTMOS b5>^*T 
6*0FFtlfeft 4 MOS b7yy7.$T3<Df-b 
icAjlZim 0 VRS^#^TSH7- F a ©mE£ 'J -t 

-Dxm^nmmm^.T-^tLX7-(y^)^}i 

O^tUKEHU #B««£, §!!?©»#© ffiTafl 

7JfH^ffr?>HlS©Ayy+£ cfcSfie^%Kt)^< CW 

[0 0 8 0] (1-b) jffSSlff 
U-fe-y hlOTTlfflHL/c^t, MOSh7>^T 
3 ©7 s - h t^;l/Xfl^0 VRS*#*.TB$ty- F a © 
WE&XS***i/* C #U -by hStifc t tfr &jlttfi 

7*X l/'y>3 ;b Ffftt £ cfc D „ tWl£M«£1E 
j|LftI©iF±ijiMO S h77i>7?T 1 ©y-xRtf 
MOS h^y> >1 X^T2©7 i -htfg4tSo ft, c© 
* , 7 * h £V F P D b fe^03te«WM 

o s b^yazZT i ov-xfcathi&tfftft, 3Svjfc 
^AS^ftseffMo s h^y^x^T 1 ©y-xiE 

[0 0 8 1] C©J;7icLT7t«^c*tLTg^^ 
\zmt L TzMEifiM O S h y y i/7. $ T 2 ©y- h CS 

nsts SHSy-Fa^y-fey h^nxMos byyy 

T 2 ©y- FSEK J; v^^tlSSffi^r y*sv 
/l/iyifV^lEtc^oTV^©^ ^-vAy^C^SiE 

©«^mos hyyyxxT2^LT?jf L n§o c© 
fct, mos hyyyx^T2©y-httE£i-3T, 
++Ay^c^?>^ns]E©m#«^£^nSo m 
*>s ssi^WASStiTMo s hyyy'x^T 1 ©y- 
x«E^fg<*sttiit\ ^^/^yxc^^rinsE 
©«ifl^v\ 

[0 0 8 2] C©ct7£LT+-vAy^C^P)E©«^ 
A^tu S^X- F a ©*E^AIt)t*©a^f(^)r#^ 
^LfcfiEJtfiflLfcffifc&So fLT, ;^X€^<D 
V^^-^TMOS hyyy , X^T4?rON£L/ci:t, 

MOS hy>v ; X?T4, T5^^LTffi7J€^ 
fi6t9Hl*n5o ^©ckatcLTAItTtl©^!^ 
iMLfcm (m*SS5) SttatHfi:, MOS byy 
^*T4*0FFCf3o 

[0 0 8 3] (2) 7t«^Sff^£^jtLTf±J7Jt5 

^2«E(CLT, MO S hyyiXXXT 1 %#tOF F 
©DlEtSCtEiD, mos hyyy'x^T2^{M 



^0VSS©tE«, S4«Efc^£2ftTV5o 
T, S"f> SlO^SBKBfcHaWc, fi^0S£n-b 
"WKLT, MOS b7>5?**T6*0F FOtlE 
-T5i:fc{C«kD, »itIt9tfM0S b7^>*X#T2 

©y- b t 7 * b ^v*- f p d (Dts v- f tommy 
- f b tgi^nTi^MittSo 

[0 0 8 4] (2-a) y-fe-yMbft 
#B«© U -b y F *ff 5 1 1 ©> * 4%v91- 

■V-bfcHl 2fc^fo ;W>X{B^t</>VtfMOS b7> 
-7X^T 4©y-b£4*?>ftT\ ffl*Jl*fjb^#tti£ 

7>^7x^T 6^0N(C-T§o L«j;5tMOSf7> 

^x * t 6 # o n t * 5 1 , n i vmmm tmmi^ 

M0Sb7>^*T2 ®y- b 4 4* 6 
*U MOS h7»*X^T2 0y-MEi"Jt7 b£ 
tlS 0 *LT, C©<fc3£MOSb5>5>X*T2©y 

LT> M0Sf7^X^T6?:0FFt«„ 
[0 0 8 5] MOS b7^X#T3©y-MC 
^;l/X{8^ 0 VRS£4;IT, 81^- F a ©HE£ U -fe 
7Mf;t MOS b7^X*T4©y-Hc^X 

imii-, MO S b7>^'X£T 2Ciy-b«EtJSCfc 

m t % k> , sihk n-fe 1 1 ©m t Ltmifi « 

0 S b^^X* T 3 ©y- bfc^;l,X{^§ 0 VRS*4 
*T, F a ©«E% U -b y b b/cft, Sftfi^ 

;bX#5§T*&3o 
[0 0 8 6] C©<fc7«)Mt2ftfcfc$©f|^ffiIE 
T-2^LT7^>^y&i?©^yciB1IU #H 
USE, H^oSfSHlOtB^fl^^iioaiEx-^^ffl 

*£ <fc s gs^mx o i$ < c t # 1 5 o 
[0087] (2-b) mmft 

U -b «y b »ff Tg^fB L/ict 5 £, MOSh7>^^T 
3 coy- b fC^bXfM 0 VRS*#*.T8»L/- F a © 

ms.R tf+ + ^ s/ * c # y -b -y b $ n 1 1 jfStt 

SSStflWlSi: fcti-jT, M0Sb7^^T2O 
y-b«E*mt«o SP%, 7*b^*-FPD± 
OtOJtlitfMOS b7^7X*T2©y-Hc#* 
t> tU M 0 S b 7 >>?X # T 2 ©y- b Iffitf, 7t«^t 
fcMLTM»t{tLfdIlcft§„ £©tt, 7 

* b #y f p D-cftiLrcmycmtfM o s b 7 

> 5>'X £ T 2 ©y- b C^tliAC?fcft, ^V«A*f^ 
*IS IS if M 0 S b 7 > S?X£ T 2 ©y- b«E*Mfi < * 

[0 0 8 8] £©cfc5fcLTftSiSfcftLT«M 



{fcbfcWEtfMO S b7>vX>£T 2©y-b£Ijttl§ 
fc, ^|!7-Fa^y-b7 b^tlTMO S b^i^X* 
T 2©y-b«EtcJ;Di*S^nsgffi*°T>^^^j; 
9iS^*EKftoTl^©-C\ *+/^>#Cj!p6iEO* 
ffiff M 0 S b 7 V S J7,Z T 2 *^LT8Sn«. CO £ 
^ N MO S b7>i/X^T 2©y-b«EK t fcoT, * 

m^tfXMiEnzMo s b7^>*x#T2©y-bm 
io fiatf^. 

[0 0 8 9] *+^^>*C^5iEO«ffi3^ 

«£n, mm/- f a ©«E^A*t>ti©a^fst jtwi t 

fc<|i:*§o ^LT, A;bXfi^0V^^^TMOS b 
7 y V* Z T 4 * 0 N £ L rc t ^ , Ml B7t«^©a^MI 
^liff^C^L/-dili:^§it^*\ MOS b7>^X 
^T4, T5^LTtB7JM#ll6H:*msn5<, C© 

Sii) ^^mfi:, M0Sh7>v'WT450FFE 

ts. 

20 [0090] %2mmm mv <d&?k, m 

OS b7>^X^T 20FWyt;^if 

tf, 0 VPS) %4x^j;7%1iJfi(ctT, c©fl€0V 

PS{Cj:oT, MOS b7>-7X^T 2<£DSH/— Fa 

©«E*y-b7 b-etsi^c-rsctT?, hio©« 

dtOHSRfr 5 M 0 S b 7 > ->*X * T 3 ^r#BS L fe*fi2 1 
LTfe«toftl\ ^ CO«^tt, MOSb7>->'X^ 
T 2<0FW>E-#jt5^;V^#«VPS*7* b^V 
t- F P D©7/- F(c£PSp-r§Ei^flEVPSi:ttS* 

30 [0091] <ig4 <omm&>% 4 ©^fl&j&agto^ 
[0092] hi 3c^-r«t9t, M 

0 S b yyi/X £ T 2 © F I^-f >{cBS5*ff VPDA^JHJ 

snsfctte, cRtf mos b^^x* 

T3, T 5^mbm^tr^X\^ 0 ^©ffi©«5St 
40 li, ^l©^ffiMI (06) fcd--pfeSo 

[0 0 9 3] C©tt, Sl©HM^Jtraat, MO 

s b7>s>x^T i^y^vyyaiimmxmm 

-&Sfc46©fB^l0VPG©«E^l«E, MOSb7> 
-7X^T l^OF FJCl-5fcJ6©f|^0VPG©«E£lg 
2«Etf§o X, 5g«t/ftig9(cepip-f5f^0VSSK 
O^Tti, Hft^77+%1tta"f§PgfCMOS b7>~7 
X^T 1 Ct^«-ffci6©t^0VSS©«E^3S 
Es U-bybfSISKMOS b7>> ; X^T2©y-b 
lE*5lt±lf5fcJ6©IB^0VSS©«E^4«Et 
50 t5o 



(13) 
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[0094] (i) ytmmmMmm^mmhm 

V>5o 

d-a) mmitt 

im$ VPD^fgl t:Ei:LT, M0SF7777.£T1 
£■9-7* 7 7 7 a /F KS^TliftS £3 i: fcfc, MO 

s f 7>^n 6©y-hE4* e.na^* s^n 

-l/^HCL, MOS F777*X£T6£0FF(7):|$i 

3fcttmflStff5S£U MO S f7>^^W7XU7 
7 a ;l/ F#ttE £ t> , tt»8K£ g 3S*f L fcffi 

OlffitfMOS h7>y^Tl©V-7&tfMOS F 

* F 94*- F P D L/cM««WM 0 S F 7 

77*7.* T l ov-afcliKti&trfe*, §Sv*^A«S 

nSSHMOS F777>;£T l<D7-*mE*M&<£ 

[0 0 9 5] C©«fc5KLT)raffi£ftLTt$ttaW 
KSfbLfeWEffMOS h7^X*T2©y-HcS 20 
ft3i7 ;Vl/*f #0V*^it5nTMOS h^y^x 
*T4*0NfcLT\ MIEft«ffi*g«8^fc^L 
fciBkfcSWffisb^ M0Sb7>^T2, T 4 £ft 

MOS F^77*X£T4£0F FKtio 
[0 0 9 6] (l-b).aao^7y+*W 
&HfS©!ifi<D^77+£^ttiT3£t<?A &f8^t©7- 

7fl^0V^MOS F777"X£T4C>y-Ft4;t5 30 

6) tP^C, S-f, m<t>S^^4U^MCLT, M 
OS h7>^*^T6*0Ntcf5i:fc£«J;tjT, &£c 
7-FbKS®IS9^f!*^„ iJSLfciS 

c , mosf7>^ti^ smsoi 9 ^A*Mt^ 
itn s <k 5 1 , 0 v ss ^ 3 mEc las $ n t v ^ 

So 

[0 0 9 7] COfct, Bl©^SIff^Jt^lti(^ 
?M9«n§W^t»S#LV«^\ MOS F 777 
7£Tl£rIft5o «fcoT, tOi:SS8R7-Kbfc:a 40 
ft 5 SE*\ £®Jft8i 9 fcfltft 5 ®ftfc <fc o T$£2 ft 
5£i:fcfc, £igfl©MO S F 7 77'X£ T 1 ©HH© 
M77+tJSi:fcSEtJSSo Z.<D£olZ, M0SF7 
777^T 1 K«fft;&Wl5fc, MO S F777'X^T 

to 

[0 0 9 8] COfct, H*W«nfetH*##li, MO 
S F777'7^T 1 ©KfimEtJSi;/cfit*5/ci6, 

T»t5o *LT, Sift, ^Offi^Si&^ff*5.J:5 50 
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(C, Sfcn-l/'WfcLTMOS F7777.5T 

6£OF F(Cf3„ ^*^MlftifiOA77+ 
*W*ff ^> Tf# 5 ft 3 t^ffiEr- 9 1 L T 7 4 y* 

oT, tH*fI^P.®«©^77+(ilJ;§)S7>^0^ 

[0 0 9 9] ( 2 ) ft*Sft**K&tt£g& LTttiTjt § 

70^1 IglOlMfttF*, {=^0VPG£ft 
MOS F777*X2T 14IE0FF 
OtRffifr S £ E cfc 5 , M 0 S h 7 777 $ T 2 AMI 
^t|*Iffl©F7777^T 1 tLXWi^mtr^o 
Xs ft^0VSS©«EH, H4«Etfa££ftTl^„ 
[0 10 0] (2- a) jfMrff 
£1\ mi©HSSMIt^«t, m0S^u~^)l 
tLT, MOS F777'X?T6£0F FOttfttfS 
LtlCj;!), £««tjg 9 ^M 0 S F 7 777 £ T 2 (Df 
- F 7* F 94*- F P DO* V- H t OBSR/- F 
btgSKSnTV^ftVvKIBtt*. COfcSN 7*F£" 

-r^-KPDfcjtasfE^aiftSiitctoT, mosf 

7>i/*X^T2 0y-htE«t5o HPS, 7*F 
F P D «fc •) &£Dftl|#tf M 0 S F 7 77X ? T 
2©y-Mc4A5n, MOS F7777^T20y- 

«^M0S h7777^T2©y-Ft^nat?/c 

»lWAifeft*HHMOS b7777^T20 
y-F«EAMg<^5 0 

[0 10 1] Cl©J;7tLT7t*«ttJifbT*IBWfi:$ 
IbbfcttE^MO S F777X^T 2cDy-FEiafti. 
^;VX^0V*^A6ftTMO S F777'7^T 

mcmm l /tfi t * 5 m 0 s f 7 7 77 * t 

2, T4£/>LTtB^ftmi6JC«tti?ftSo MJ;9 
ELTAftfTtloaTi-tEltffJL/'c^ (ffi^*Sit) £ 
MfrtUtt, MOS F 777'X^ T4^0FFtt§„ 

[0 10 2] (2-b) iJt?Hff 
§H«© U -b -y F £tT 7 k £ §{f ^l<7 ^^57 
+-h*Hl 5{c^-To ±EOj;7t, /v7x' : : .i; 0 v 
A^MO S F777X^T 4©y-FC-#^.P)ftTs ttlTtf 

LTs MOS F777X^T6£0NttSo e©j;7 
(CMOS F777X^T6^0N(C%Sfc, $ 1 ©USE 
BMtmmiC MOS F777'X^ T Z(Df— Mcjg4 
fE^^Btl, MOS F777X^T2£D^r-F«E 

(CUT, MOS F777X^T6£0F FtCtSo 
[0 10 3] MO S h777X^T407 s -FE 
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t, tUtsimii, MOS h5V^^T20y-b«E 
KJSC /HI i: * D , mitZftfc ttOtbtimtLX 

T}±.mircmmm v i7bti% 0 c©£ 5 cs«Htsn 

f fcffiiE r - * L T 7 >T > * * U & £ © * 

^-mm<v^y*\z£%m*mm<z.tjfxi* 

So 

[0104] fa ^mmmx&mLkw, i~i3© io 
fi«i©SM^0nSo x, *fWimi, n i 

~^3©^fifij$§£itU *+^>*c&tfM0S h? 
yVWi 5 5^ mm^\^yfMtf£ 

[0 10 5] «±ISSEiL/cJg 1 ~14 (DHM»t5^ 

t\ mweofs^s!^aiLa«^£^«? ccc 

D) *ffl^Tff5J:5fc:LTt*»S*jftv\ 20 
MOS b^^X^^tfgSt^T^-Wbb^b 

C C T)s\(DWffimmLZft7Lli^\ 
[0 1 0 6] ffis Sl~^4©^ff»fc^T, ffig 
fflMftftfcfraiS, 8M/-Fb©U-fe7 b£X^7^ 
SWXBS6M0S h^:/5>**T6*ONLT, fl^f 
0 V SS©gt 4 «E£4;t § C t K «fc o Xft-o Tl ^ tf. 
Hi MOS hyy'J^T l£ONLT&ic/ , -Fb© 
b£fir^Tfc&l\ COfct, *©1EE#, Mi? 
IIWiai^HE SffMtM«t«H4«E 30 
£%%im <l> Db\ Hi MO S b^y^X^T 1 OFb 

jyK4%.tbft% 0 x, cots, mmomm&m 
uzmmv^?^ mvmzmitbx, u-tr 

7 bMjfcftSMM^I»T\ fg^y- F a ©«{£ 

A^msomEiSHrtKAs * a t lt war, fi^t <d d 

[0 10 7] X, U±IKKLfc^l, %2RXf%4<Dg. 

mmmii, mmftvmm^x&zMo s v^yy^ 

T l~T6*£TN^+*;I/OM0S h7>^*T'i 
tfLTl^Stf, iin&OMOS VyyVT.*! 1~T6 40 
*£TPf-+*;l/©M0S h7>^^TMHSLTt«fc 
v\> X, ^©lliiMlicfc^T, H^rtON^^*;!/ 
©MO S h^^X^^Pft^MMO S b 7>>>X 
Pf-+*;l/©M0S h7>^*%N^+*;UO 
MOS b7>v>'X^{Cl^T«LTt^%^o 
[0 1 0 8] Ell 8~H2 UCti. ±f3Hl~H4©^ 
8fiMI©«ft©M0 S h^y^^^IIttiDMO S b 

7yi?z$xmf$.Lkmx$>%% 5~m 8 n^mm* 

^LTVSo ^©/cftHl 8-02 lTfJjgl^Stt^ 
ffliD«ffi©S14A^fC*oT^5„ 1^11 HI 8 (H 50 
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5 ©^SS» jCfeV^T, 7 4- b ?V F P D tt* V 

-HCiiiiWEVPscgR^n, ry-F*^ 1 mo s 

h7»"X?T 1 ©V-XiH2M0 S b7>vX£© 
y-bfcSm*tlTV^5. Hi MOS b^v^T 1 
© F yttESEWE VVWkhZtiZo 

[0109] tczx\ mi 8co&?mmmim.m 

ZftvtZ. il^«EVPS©«Eta?MJ±VPDtt, V 
PS>VPD tSoTfeD, 06 Ggl©^M£10 fe£ 
T?fc3 0 Sfc, ^^>£C©tf}7J«E«MJ»fb^ 
«j±T\ SKJ-fCfcoTBT-TS. S3M0Sb7 
yvX^T3, S4MOS b^^'X^T 4Rlff§6M 

0 S b7>^X*T6%0N«^«f:*k:H:, ffiiMIEE 

^y-btgito-r^o Ht, H2o©f»! (jg7© 

MMM) fcfc^T, S3M0Sh7>S>**T3*0 
N£#5 t tic«^ttE£^- btpijof 5 0 «±© 
3D, SMffitt©MOS b7^X*£ffl^3$£tt, II 
EM^^ftlM^^-gpa^S^; IMii^KWt^I- 
TfeDs £ 11 8~ 

ia2 \icD^x&mmxKt(D3>x\ z<D#f8.*mtc 

[0 110] H5~H8©*lMI©l*£ltt?@{*f 
«SBO^i«8jS*IKWrsfei60^o 7 y-@Eg«$0 
£0 1 6£^LTV5 0 0 1 6£Ol^T«\ 01 tRH 
as» (|S|-©tg|TO) tHI-Ol?»*ftLTiWi8*# 
Bg-TSo WT, HI 6©SfiScKO^TSmK^1-5c 
?ij7?(B]{Cl2?iJ?n/ctti7Jff 6 - K 6 - 2 , • • 
6-m(C^LTP7 tj r*;l/©M0S b7>^X^Q 

1 tPftMOMOS b^yv'X^Q 2A^$nT 
l^S. MOS b^VvX^Q 1 ©y-bttE?MEISl 

i caasn, k u^yimMmms - 1 tfg,i$ 
n, v-x&asffMEvps' ©7^y 1 2cfg^^tir 

V5 0 MOS bv>v ; X^Q2©FW>«tiJ7 t ] 

f ^H6- 1 fcjgii^n, v-xtt«i»fi^si o 
§ 0 lct, mo s h^yy^ZQ ittH*rt©pf-^ 

*;HDM0Sh7>^X?TatttE117 (a) 
t«k5ftiSfiliB**iSbTi'>So M0Sb^>>>~ 
X^Tatt, H5~l|7©^BimiT-{i^5M0S bv 
>>>X ^ T 5 fcfgS X, H 8 ©HWJTttlg 2 M 
OS h7>s;x*T2lCffi3*«. 
[0 111] il©±l^ MOS b7>i>X^Q KiMO 
S h7>^?T a©H#fgKXtt£*^t&oT^ 
5o lot, d©b7>^X^Q 1 ©v-xtjgM^n 
§iIMt«EVPS' fc, MOS h7y^Ta«FW 

xcjg^^nsErMEVPD' tcwi vpd' <v 
ps' xh<9s bss«evpd* amtf^vyKSJE (fg 

flfi) T'Sio b ?yyz$Q 1 © F b-f >tt b 7 >^X 

*t atsasn, f-hummEtmuinx^ 

5o Pf-fr*;l/OM0S b^y^X5Q2tt7j<¥^lfll 
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